M formic acid, and visualized on a PhosphorImager (GE Healthcare).
Helicase assays
[ 32 P]-5' end labeled 17-mer (5'-GTTTTCCCAGTCACGAC-3') was annealed to M13mp18 ssDNA as described (4). The dsDNA substrate was purified away from the excess 17-mer by successive purifications over four MicroSpin S-400 HR columns (GE Healthcare). Duplexed DNA substrate was incubated with 0.67 µl of column fractions in a 10 µl reaction at 37°C as described (4). Reactions were stopped at indicated timepoints with 0.3% SDS, 10 mM EDTA, 5% glycerol and then resolved on a 12% nondenaturing polyacyramide gel. Gels were dried, visualized, and quantitated on a PhosphorImager (GE Healthcare). Lau et al., SOM, # 1130164, Page 6 RNA cleavage substrates were transcribed from DNA oligos to form the following RNAs: 5'-GGAACCGAGCUC-[antisense sequence to piRNA]-AGCUAGCAACC-3'. Cleavage substrates were cap-labeled and utilized in slicer reactions essentially as described (5), except that 10 µl of purified fractions were mixed 1:1 with 10 µl 2X reaction components containing 8 mM MgCl 2 , and incubations were performed at 35°C.
Slicer assays

Computational analysis of piRNAs
Processing and annotation of large-scale sequencing reads
High-throughput sequencing of the eluate cDNA library from rat and mouse testes extract yielded 99,753 and 105,793 raw sequencing reads, respectively. After filtering out reads that did not match 5' and 3' linker sequences, reads that contained an ambiguous base ('N'), reads with lengths outside of the gel-purification size range (18-32 nt), or reads matching size marker RNAs used in library construction, 85,489 rat and 95,423 mouse reads remained. Because some sequences represented more than one read, these corresponded to 61,293 unique small RNA sequences in rat, and 65,681 in mouse.
For the sequences of each species, WU-BLAST (parameters: nogaps, E=0.01, W=[length of a sequencing read], hspsepSmax=0, hspmax=60000, B=60000) (6) was used to find matches to: (a) the mammalian (human/mouse/rat/dog) miRNA hairpin sequences registered at mirBase (7), (b) the cluster of rat or mouse 18S, 5.8S, and 28S rRNA sequences (accession number: V01270 for rat, J01871, X00686 and X00525 for mouse), and (c) the Rattus norvegicus genome (build rn3) or Mus musculus genome Lau et al., SOM, # 1130164, Page 7 (build mm7) (8). As a result, 40,698 unique sequences representing 61,581 reads of rat and 43,332 sequences representing 68,794 reads of mouse were confirmed to derive from the rat and mouse genome respectively. For each unique sequence, the number of genomic hits was counted (table S2, S4) .
We annotated the unique sequences with determinable genomic coordinates according to a hierarchical manner that classified RNAs into specific groups. First, sequences that perfectly matched to microRNA hairpin sequences were classified as 'miRNA'. Second, the remaining unique sequences that perfectly matched rRNA cluster sequences were classified as 'rRNA'. Third, the remaining unique sequences not classified as miRNA nor rRNA were classified as 'rmsk' if they mapped to at least one locus from the RepeatMasker (9) annotation tracks that were downloaded from the UCSC genome browser (10) .
To analyze the repeat-associated sequences (classified as 'rmsk') in greater detail, we examined the classifications of this sequence group amongst the 15 subclasses in RepeatMasker annotations (5S rRNA, tRNA, snRNA, scRNA, srpRNA, LTR, LINE, SINE, Satellite, Low_complexity, Simple_repeat, DNA, RNA, Other and Unknown), which include not only repeat elements, but also non-coding RNA species. Many of these sequences hit multiple loci, of which some loci carry a RepeatMasker annotation, while other loci may lack any annotation. For example, a sequence can hit one locus that has no annotation, and it can hit a second locus that is annotated as both a tRNA and a LTR. To minimize bias and improve consistency in classification, we would assign classifications in such an example by first evenly distributing an identity score (100%) to each of the two loci, giving a "score" of 50% to each locus. For the locus that was Lau et al., SOM, # 1130164, Page 8 annotated as a tRNA and LTR, the identity score was further divided, so that the tRNA and LTR classifications each would receive a 25% identity score. So, if this sequence was read 10 times, a score of 5 (= 10*25/50) was assigned to "tRNA", and another score of 5 was assigned to "LTR". Annotations on both sense and antisense strands were considered.
Finally, the remaining sequences that were not yet classified were examined for coordinate overlap with the coordinates of mRNAs and ESTs. The genomic coordinates of mRNAs and ESTs were downloaded from UCSC genome browser, and sequences yet containing at least one locus annotated by mRNA or EST were classified as 'mRNA' and 'EST', respectively. However, rat mRNA sequences whose accession number started with 'DQ' were disregarded because these represented a large group of annotation in which the mRNAs did not derive from the annotated loci (their annotated exons had multiple mismatches to the cDNA sequences and their annotated introns did not have canonical splicing sites).
Detecting motifs
The 40,698 unique rat sequences that did not represent fragments of rRNA or other annotated non-coding RNAs were divided into subset, based on a common length or annotation. Each subset was examined for the presence of sequence motifs. Every subset strongly exhibited a 5' U at the first nucleotide, but no other significant enrichment of motifs was detected from any subsets. The 5-nt long sequences immediately upstream of the 5' end of the mapped loci were collected and examined for the presence of sequence motifs for piRNA processing. This search did not result in any significant enrichment of motifs regardless of the density of reads. Lau et al., SOM, # 1130164, Page 9 
Calculating genomic proportions of each annotation class
The aggregate proportions of the genome that are comprised of RepeatMasker annotations, mRNAs, and ESTs were calculated in a hierarchical manner. Genomic regions annotated by RepeatMasker were determined first, and proportions of regions covered by different RepeatMasker subclasses were further analyzed in a manner analogous to the repeat subclass analysis of the small RNA sequences. After determining the repetitive proportion of the genome, the proportions of the genome comprised of mRNAs and ESTs were determined in succession. Calculations were based on number of bases annotated divided by number of bases in the genome.
Detecting piRNA clusters
Clusters were identified by scanning a 20 kb window off-set by 1 kb across chromosomes and detecting genomic regions where at least 20 or more normalized hit counts were mapped. When qualified genomic regions were first encountered, the right hand side boundary of the window was extended progressively further in 1 kb intervals until the total normalized hit counts within 20 kb dropped below 20.
The identities and boundaries of some putative and bonafide clusters were confounded by piRNAs that mapped to several genomic loci, making it difficult to assess the defined origin of these particular sequences. Thus, we disregarded genomic regions in boundaries or putative small cluster where the total number of unique reads was less than 20. Then, both the left and right hand side boundaries were, independently, fine-tuned by trimming them progressively by 1 kb at a time toward the center of the cluster until the normalized hit counts within 1 kb became at least 1. Lau et al., SOM, # 1130164, Page 10 piRNA clusters were defined into four types (divergent, plus-strand, minus-strand, and mixed) by the following algorithm. Each clusters was scanned first on the plusstrand (from the left boundary to the right boundary) and sequentially on the minusstrand (from the right boundary to the left boundary) for 5 consecutive loci where reads were mapped uniquely. Searches that identified 5 consecutive loci only from one strand in a cluster logically classified the cluster as either a plus-strand or minus-strand type.
If 5 consecutive loci were identified on both the plus-and minus-strand searches, the algorithm determined whether plus-strand loci were located downstream of minus-strand loci. Such a cluster would then be classified as a divergent type and the distance between the two plus-and minus-strand loci found by each search was calculated as a gap. In other cases, the cluster is classified as mixed type. This procedure identified exactly 100 clusters from rat and 94 from mouse and the clusters were ranked by the total normalized hit counts within each cluster. In total, the 100 rat clusters contained 56,738 normalized hit counts, which was 94% of total reads, and they covered 2,733 kb, which was less than 0.1% of the genome. Similarly, the 94 mouse clusters contained 62,466 normalized hit counts, which was 93% of total reads, and they covered 2,489 kb, which was less than 0.1 % of the genome.
Displaying the spatial distribution of sequencing reads
For each unique sequence, we normalized the number of reads by the number of genomic hits and assigned this normalized hit count equally to all the loci. For the whole chromosome view plot (Fig. 3A, fig. S2, S4 ), the hit counts were integrated into 1 Mb bins based on the start position of their loci and plotted across each chromosome. For the cluster view plot (table S1, S3), the cluster region was divided into 150 equal-sized bins, Lau et al., SOM, # 1130164, Page 11 the hit counts were integrated into the bins, and plotted across the cluster region.
However, for the three cluster view plot in Fig. 3B , in order to compare the number of reads in a bin across three clusters, fixed-size (600 nt) bins are used regardless of size of clusters. For divergent type clusters, bins were defined so that a bin boundary can lie within the gap. For the 1 nt resolution plot, the hit counts were rounded up to the closest integer and this number was used to determine the number of horizontal bars, which were duplicated accordingly and plotted in a stacked representation on the corresponding locus (Fig. 3C, fig. S3, S5 ).
Conservation analysis of the piRNAs in rat and mouse
In order to determine the mouse chromosomal regions orthologous to rat chromosomal regions and to estimate the primary sequence conservation between the two regions, we downloaded rat centric rat-mouse pairwise alignments from UCSC genome browser. We then used a 30-nt window to scan along a rat piRNA cluster region of interest by 1nt offsets and counted the number of conserved residues. The conservation levels ([# conserved residues] / 30) were plotted across rat piRNA cluster regions (Fig.   S5 ).
Estimation of substitution and insertion/deletion rate was performed as follows.
For each residue within 100 rat clusters, we calculated the number of reads that uniquely mapped to that residue (and disregarded reads that mapped to more than one locus). The residues were divided into 5 groups based on the calculated number of reads: (1) 0 reads (2) 1 reads (3) 2-4 reads (4) 5-14 reads (5) more than 14 reads. For each group, the substitution rate was calculated as (total number of substituted residues) divided by (total number of residues aligned without gap). The insertion/deletion rate was calculated as Lau et al., SOM, # 1130164, Page 12 (total number of residues missing in mouse) divided by (total number of residues). The calculated substitution rate was adjusted with Jukes-Cantor multiple hit correction.
Estimation of the 95% confidence interval was performed as described in (11).
To examine the conservation of piRNAs between rat and mouse, for all the mouse reads which uniquely mapped to the genome, we determined the rat loci that were orthologous to the mouse loci where mouse piRNA reads were mapped by parsing mouse centric mouse-rat pairwise alignments. The mouse reads were binned by their calculated rat loci and such bins that matched more than 2 mouse reads were depicted above and below the histograms in rat cluster view plots ( Fig. 3B . table S1). Similarly, rat reads were mapped on mouse cluster view plots (table S3).
S9.
A. Smit, Hubley, R & Green, P. (1996 S12. GenBank accession numbers are DQ684678 to DQ727400 for our mouse piRNAs and DQ727401 to DQ767590 for our rat piRNAs .
Supporting text:
Sequence complexity of the rat small RNA library from the eluate of the crude purification of rat testes extract.
Regarding the complexity of the high-throughput pyrosequenced library, we believe we have not approached saturation of the library, and we expect the potential breadth of different piRNA sequences to be very wide due to the irregular, overlapping patterns of the piRNAs within the cluster regions. For reads that were mapped to rat genomic sequences (61,581 reads), singleton and doubleton reads comprised ~81% and ~6%, respectively. Chr. 4
Supplemental
Chr. 5
Chr. 6
Chr. 8 (A) Graphical histograms represent the relative scaled lengths of the 20 autosomes, the X sex chromosome, and an artificial conglomerate of unassembled contigs called Chr. Unknown. Vertical bars in red and blue represent bins that tally plus and minus strand reads, respectively. One hundred rat piRNA clusters and their genomic location are labeled (see Table S1 ). (B) Ranking of chromosomes that contain the most piRNA hits relative to the size of the chromosome. The ratio is calculatd as the number of normalized hits on each chromosome multiplied by 10^-6 and dividing by the chromosome size. Table S3 ). B) Ranking of chromosomes that contain the most piRNA hits relative to the size of the chromosome. The ratio is calculatd as the number of normalized hits on each chromosome multiplied by 10^-6 and dividing by the chromosome size. Supplemental fig. S5 . The primary sequences of piRNAs are poorly conserved Mapping and conservation analysis of cluster 6 and 4 segments. Line plots above the molecule maps of piRNAs examine the degree of primary sequence conservation between the rat and mouse syntenic regions. The jagged blue line marks the conservation percentage within 30-nt windows sliding 1-nt across. The patterns of individual piRNAs in the clusters do not strongly correlate with more highly conserved regions. Cons. Table S6 . Annotation of the ninety-four piRNA clusters from the mouse genome All
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